Lumbar degenerative kyphosis (LDK) is a subgroup of the flatback syndrome, which is caused by degeneration, and LDK is reported to be the most frequent cause of lumbar spine deformity in the farming districts of the 'oriental' countries (1) . Flatback syndrome is mostly related to previous scoliosis surgery and particularly to the placement of Harrington rods that extend to the lumbar spine in the 'western' countries. Patients with LDK show a kyphosis or a marked loss of lordosis, and this is probably caused by degenerative changes in the middleaged and elderly patients.
LDK is a syndrome of sagittal imbalance. A tendency of leaning forward when walking or standing is most common clinical sign for patients with LDK (2) . The majority of patients are unable to hold objects in front of them, and they have to support themselves with their elbows while washing dishes or their faces. These are cardinal symptoms of LDK (3), and they are often associated with back pain that commences in the lumbar region and it progressively ascends. In an attempt to maintain a vertical posture, muscle fatigue causes back pain that persists until the condition is rectified.
The study by Takemitsu et al (1) only mentioned about the atrophy & fatty infiltration of the lumbar extensors in LDK patients, and there remains a scarcity of published reports with respect to the quantitative evaluation of the back muscles of LDK patients.
We have noticed the presence of 'slender' psoas major muscles as well as atrophy with fatty infiltration in the erector spinae muscles on the MR studies of the LDK patients. We utilized the concept of the cross-sectional area (CSA) & the moment arm length (MAL) of the erector spinae in the lumbar spine, which has been introduced into the literatures (4, 5) , in order to quantitatively evaluate muscle atrophy. We investigated the relationship between the CSA and the MAL of the erector spinae muscle, and the thickness of the psoas major muscle (PT) and body mass index (BMI) by performing statistical analysis. We tried to show the crucial role of these variables for diagnosing LDK.
Materials and Methods
From July 2004 to April 2005, we retrospectively reviewed seventeen consecutive LDK patients who had undergone ALIF with posterior stabilization. All the subjects were female. The age, height and weight of the subjects were recorded. The body mass index (weight/height 2 ) was calculated, which is an index that expresses the body composition of the subject.
All patients had standing anteroposterior & lateral radiographs available for review. On the lateral radiographs, the lumbar lordosis was measured from the top of L1 to the sacral endplate by using Cobb's method during the preoperative period and also at the latest followup. The radiographic evaluation included the standing 3-foot lateral radiograph that was taken with the knees and hips fully extended and the hands resting at waist level.
The control group was composed of seventeen female outpatient patients of similar ages and they had only spinal canal stenosis or herniated disks. The clinical records and radiographs of all the patients were reviewed.
Spin echo T1-weighted (TR=717 msec and TE=12 msec) MR scans were performed on a 1.0 T superconductive MRI scanner (Magnetom Harmony, Siemens Medical Systems, Erlangen, Germany). The axial scans were located through the lumbar intervertebral disk spaces and they were oriented parallel to the intervertebral disk with the patient in the supine position. The images were 512 225 pixel digital images & they were stored in PACS. A transverse cross-sectional image of the trunk at the fourth to fifth lumbar vertebrae (L4/L5) was chosen to measure the variables.
We measured the CSA & MAL based on the method of Reid et al (6) . All the measurements were performed with use of a software program.
MAL was defined as the anterior-posterior distance between the center of the erector spinae muscle and that of the vertebral body. The centers of the muscle and the vertebral body were the intersections of their long and short axes with assuming that their cross-sectional shape was an ellipse (Fig. 1) .
The statistical analysis was performed using the Statistical Package for Social Sciences (SPSS, Chicago, IL), Version 12.0.
To determine if a statistical correlation existed between the BMI and the muscle atrophy of the erector spinae, Spearman's rank correlation coefficient was performed for the mean BMI versus the CSA, MAL and PT. All variables were considered to be ordinal, nonparametric data.
The relationship between the CSA and PT was also studied. Independent t-tests were done to determine the mean values of the CSA & MAL of the two groups. Spearman's rho correlations were analyzed for determining the correlation of BMI, CSA, MAL & PT ( Table  2 ). Spearman's rho correlation analysis showed a significant correlation between the BMI and MAL in the LDK groups (rho=0.808, p=0.000), while there was a positive association between the BMI and MAL in the control group (rho=0.661, p=0.004). Thus, the lower the BMI, the lower was the MAL in the LDK patients. Spearman's rho correlation analysis showed a significant correlation between the BMI and CSA in the LDK group (rho=0.49, p=0.046). This study verified that the BMI was significantly associated with atrophy of the erector spinae muscles in the LDK patients. Thus, the lower the BMI, the more prominent was the atrophy of erector spinae muscles in LDK patients. There was no statistically significant correlation between the BMI and PT in both groups. Table 3 shows that there was a statistically significant association between the CSA and PT in the LDK patients (rho=0.566, p=0.018). This supported the fact that atrophic change of the psoas major muscles was seen along with atrophy of the erector spinae muscles in the LDK patients. Such a change in the back muscles probably has detrimental effects on the spine of the Independent t tests were performed to define any significant differences between the LDK group and the control group for the CSA & MAL. There were significant differences for the CSA & MAL between the LDK group and the control group (p=0.000). The mean CSA & MAL of the LDK patients were markedly lower than those of the control subjects (Table 4 ).
Results

The
In the scatterplot (Fig. 2) , the data from the LDK patients were primarily in the lower left quadrant, while the control group's data had a trendency to be in the upper right quadrant. The lower the values of the coupled CSA & MAL, the greater are the atrophic changes of the erector spinae muscles. In other words, the results suggested that the CSA and MAL might be well correlated with the severity of disease in the patients with LDK.
Sagittal contours were given as positive and negative angle values if they had kyphotic and lordotic patterns, respectively. The mean preoperative lumbar lordosis for LDK patients was 15.2 kyphosis (range: 17 lordosis to 38 kyphosis); after surgery, this was reduced to a mean of 30.8 lordosis (range: 21 to 55 ). There was a substantial correction of the sagittal kyphosis in the operated patients. 
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Discussion
In 1976, Moe and Denis (7) reported on 16 patients who showed a loss of lumbar lordosis after undergoing thoracolumbar fusions, and Moe and Denis introduced the term flat-back syndrome. Other causes of this syndrome include prior spinal trauma and a systemic rheumatological illness such as ankylosing spondylitis (8) . The resulting sagittal deformity produces increased biomechanical demands on surrounding muscles, ligaments and intervertebral discs, and this can cause back pain and progressive degeneration. According to DeWald (9), flat-back syndrome is characterized by the loss of the normal lumbar lordosis, and this results in a typical clinical syndrome that is characterized by 1) forward inclination of the trunk, 2) inability to stand erect without knee flexion, and 3) pain. The lumbar spine is at a biomechanical disadvantage, and this leads to fatigue as the day progresses. Patients may also complain of anterior thigh pain or knee pain secondary to the constant flexion at the knees that is necessary to maintain their forward horizontal gaze (10).
Takemitsu et al (1) introduced the term LDK in 1988; they only mentioned that the patients who had LDK showed a definite weakness of the lumbar extensors compared to the flexors upon isokinetic measurement, and atrophy of these muscles with fatty infiltration was seen on CT scans.
There remains a paucity of published literature with respect to the quantitative evaluation of the back muscles. We have noticed 'slender' psoas major muscles as well as atrophy with fatty infiltration in the erector spinae muscles on the MRI studies of LDK patients. We can see these 'outstanding' muscles easily on the axial MR images of the lumbar spine. The erector spinae muscles are the chief extensors of the vertebral column; acting bilaterally, all three columns of the erector spinae extend the head and also part or all of the vertebral column. The psoas major is used to balance the trunk; when sitting, it acts inferiorly with the iliacus to flex the trunk. Acting superiorly with the iliacus, it flexes the thigh and then acting superiorly, it flexes vertebral column laterally. The main contributor to the anterior pelvic tilt is usually the psoas major (11) .
We utilized the concept of CSA & MAL in the lumbar spine, which has been previously introduced into the medical literature (12, 13) , in order to quantitatively evaluate muscle atrophy. Jorgensen (4) revealed that the maximum anatomical CSA was located between the L3/L4 and L4/L5 level in the neural posture, and the PT is largest at L4/L5. Therefore, we measured the variables at the L4/L5 level.
The decrease in the CSA of muscles, which is directly related to the decrease in muscle volume, also increases the muscle activity because the lower volume muscles can generate the same contraction forces at a higher muscle activity (14) . According to the lower back biomechanical model, the lumbar disc compression force and trunk muscle load depend on the MAL and CSA of the trunk muscles. The lumbar compression force increases with the trunk muscle activity and the body weight. The elongation of the MAL is effective in suppressing the compression force by reducing the muscle activity (15) . In other words, the shortage of MAL and the decrease in muscle volume corresponding to the decrease in height and weight will therefore result in poor compensation for the lower back load. A decrease in trunk muscle efficiency has been shown to increase the load on the lumbar discs and ligaments (9) . This may leave the lumbopelvic region vulnerable to strain, instability or injury (16) . Kumbar (13) claimed there was no effect of age on the MAL. Age was not shown to be related to the CSA for either gender (13) .
We investigated if the relationship between the CSA, MAL, PT and BMI had statistical significance in the LDK group and the matched (age & gender) control group.
To the best of our knowledge, no previous study has directly evaluated the association between BMI and the CSA & PT in the LDK patients. BMI is an index that shows the body composition of the subjects, so we speculated that the BMI might be associated with the deep back muscles. Concerning MAL, Reid et al (12) have found significant correlation with height & weight.
MRI offers advantages for visualizing muscle atrophy. Spearman's rho allows estimation of the strength of the association between two variables. Correlation shows association and not causation. One important finding in the present study is that there was a positive association between the BMI & CSA in the LDK patients, while there was no statistical association in the control group. Thus, it would be expected that the lower the BMI, the more prominent is the atrophy of the erector spinae muscles in the LDK patients.
Another important finding is that there was a statistically significant association between the CSA and the PT in the LDK patients. However, there was no statistical association between the CSA & PT in the control group. This fact warranted the conclusion that atrophic change could be found in the psoas muscles as well as the erector spinae muscles in the LDK patients. Such a change in the back muscles could have detrimental effects on the spine of the LDK patients.
The other important finding is that LDK patients were primarily in the lower left quadrant in the scatterplot diagram of the coupled CSA & MAL, while the control group had a trend to be in the upper right quadrant. A positive correlation was found between the CSA and the MAL in the LDK and control groups. The mean CSA & MAL of the LDK patients were markedly lower than those of the control subjects. The MAL of trunk muscles such as the erector spinae to the lumbar vertebra and the CSA of these muscles are biomechanical parameters that can help estimate the lower back load. Significant correlations were observed between the size of the paraspinal muscles and the isometic back extension strength (p=0.0001) (17) . So, we may speculate that MRI can be used as an adjunctive tool for the evaluation & prediction of the severity of the LDK. Yet grading of muscle atrophy on the MR images was not attempted in this study. Further investigation is warranted with using a prospective cohort study design.
Therefore, we could say that measurement of the CSA, MAL and PT along with the BMI may help physicians reach a more confident diagnosis for the patients with 'clinically suspicious' LDK.
Indications for the surgical treatment of kyphosis are based on the stiffness of the curve, the level of the patient's symptoms, the cosmetic concerns and the radiographic measurement of magnitude and progression of the curve (18) .
We performed ALIF with pedicle screw fixation for the patients with LDK. The objective of the surgery is to correct the spinal alignment and to obtain a stable, well balanced spinal column. Although the relative values of lumbar lordosis show a wide range in the normal population, with using this technique it was possible to obtain a resultant sagittal plane correction of up to 55 lordosis.
It should be noted that a number of limitations exist in this investigation. First, the study is retrospective in nature. As a retrospective review, this study may be subject to the sampling problems that are inherent to this mode of investigation. Second, this study included a relatively small number of patients, which may have affected the statistical power for identifying the differences between the LDK and control groups. Further research with a larger sample size will be required to confirm the results of the present study, even if the matched-cohort design was intended to strengthen the analysis.
In conclusion, the patients with LDK not only had atrophied erector spinae muscles, but they also had atrophied psoas major muscles and short MAL measurements, which is detrimental because of increased lower back load in the aged. Along with BMI, measurement of the CSA, MAL & PT on the MR images provides for objective assessment of the dimension & severity of muscle atrophy in the LDK patients.
